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little evidence to suggest that any of the co-morbidities was associated
with progression, even though conﬁdence intervals were wide and did not
exclude clinically relevant associations.
Conclusions: These data do not support the hypothesis that the progression
of structural changes
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Purpose: To develop a method to characterize the thickness and microar-
chitecture of the subchondral bone plate (SBPlate) in health and disease.
Since the microarchitecture of the SBPlate is arranged in a depth-wise
gradient to distribute mechanical forces, methods for detecting perturba-
tions in this highly organized structure are needed. Interventions such as
marrow stimulation for cartilage repair are designed to create continuities
between the articular surface and the marrow cavity, but 40% of patients
do not respond. Abnormalities in the osteoarthritic SBPlate may explain
this.
Materials and Methods: Human medial and lateral femoral condyles from
donors (n=4) aged 21-46 years were scored for OA using the Outerbridge
grading system (0-5) and microCT scanned at 45 micron resolution with a
calibration phantom (GE Locus Explore). Bone mineral density (BMD) and
bone volume fraction (BVF) were calculated in traditional 3×3×10 mm3
regions of interest (ROIs) starting at the tidemark using Microview (ver 2.2
ABA). For depth-wise analyses additional 1×1×10 mm ROIs were created
around a central vertical axis. Voxel values at each horizontal plane along
the axis were condensed and tabulated as voxel density by depth (mm).
Workﬂows were created in Python (ver 3.1.1) and R (www.r-project.org) to
calculate BMD, and BVF. A 2 cm2 chondral defect was created on the same
specimens, a 30o microcfracture awl (Linvatec, Florida) was used to make
four 3 mm deep holes. Following microfracture the specimens underwent
microCT imaging again. Additional software was created to determine the
BMD and BVF in the horizontal plane and the data tabulated as BMD or
BVF by radial distance (mm) from the central axis at 0.5 mm intervals.
Histological sections of the condyles were cut and stained, then correlated
with microCT images.
Results: The human SBPlate in the normal femoral condyle consists of
a horizontal condensation of one or two trabeculae 0.5 mm thick that
is supported by frequent vertical trabeculae. In early OA sclerosis was
represented by multiple horizontal trabeculae in a laminar arrangement
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comprising a signiﬁcantly thicker (2-4mm) SBPlate (Fig. 1a). Mean BMD
and BVF from standard ROIs were insensitive to subtle changes in OA
but depth-wise analysis plots showed sustained peaks representing a
thicker, more mineralized SBplate (Patient 1 - Figs. 2 & 3). Microfacture
holes in normal bone penetrated the thin SBPlate and crushed or dis-
placed deeper vertical trabeculae creating communication with the deeper
marrow spaces. Microfracture holes in sclerotic OA bone were lined with
compacted trabecular bone that ﬁlled the marrow spaces (Fig. 1b). Operator
dependent compaction of bone was present in the superior quadrant of the
microfracture hole.
Figure 4
Conclusion: Depth-wise analysis of bone morphometric parameters is a
sensitive tool to evaluate changes in the SBPlate as joint disease progresses.
Microfracture may fail to create marrow-articular surface communications
for inﬂux of repair tissue as sclerotic bone accumulates. Bone compaction
is exacerbated when the operator drives the awl along the joint surface,
as if "plowing" a furrow. The surgeon is faced with a dilemma whether
to debride the sclerotic SBPlate and risk articular surface collapse or
subchondral cyst formation. Modiﬁcation of the microfracture procedure in
patients with sclerotic bone may be warranted.
